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1. Plasma Physics and Fusion Research

In the development of modern physics the problems of basic

plasma physics play an essential role. In recent years the

importance of plasma physics has been particularly emphasized

due to the need of an energy source based on the principle of

thermonuclear fusion.

It seems natural that in an attempt to reach the development

of controlled thermonuclear fusion the activities of various

laboratories in different countries have an interest in

joining their efforts.

On 10th May 1976 the European Atomic Energy Community

(Euratom) and Sweden, represented by the National Swedish

Board for Energy Source Development, concluded an agreement

of cooperation in the field of controlled thermonuclear fusion

and plasma physics.

By the new agreement the research and training programme on

Controlled Thermonuclear Fusion and Plasma Physics of the

Institute for Electromagnetic Field Theory at Chalmers

University of Technology, Göteborg, became associated with

the Euratom Fusion programme.

For the activity at the Institute for Electromagnetic Field

Theory and Plasma Physics the association means new possibili-

ties of research in closer contact with other Euratom-Fusion

associated laboratories and with experimental facilities,

new channels of information, new possibilities of international

exchanges as well as participation in meetings of the advisory

and liaison groups of Euratom-Fusion.

Our institute welcomes the association of our programme on

control led thermonuclear fusion and plasma physics with

Euratom-Fusion and acknowledges the European Atomic Energy

Coiumunity and the National Swedish Board for Energy Source

Development for concluding the agreement of cooperation after

efficient negociations. We also acknowledge their support of

our research.
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The aim of the programme of the Swedish Unit of Association,

which comprises activities in Stockholm (Royal Institute of

Technology) and Studsvik (Atomic Energy Company) as well, is

to "make essential contributions to the progress of fusion

research, by theoretical and experimental activities which

increase the knowledge in plasma physics and by contributing

to the development of the fusion reactor and its principles

as well as to its technology".

The planned research activity in Göteborg is mainly on

plasma theory, and we cite the programme as presented in the

contract of association:

The programme for 1976 to 1980 is concentrated on nonlinear

plasma theory and plasma wave and instability phenomena. In

modern plasma physics investigations of waves in plasmas and

their interactions are attracting considerable attention.

Nonlinear processes in plasma are considered to be of

particular interest for present day applications of plasma

theory to fusion technology. They are essential for describing

different types of instabilities which may affect the

confinement of a hot plasma. The nonlinear interactions also

play a dominating role for the processes of plasma heating by

microwaves or lasers. The laser-plasma interaction is of

outstanding importance with regard to the possibility of

inducing thermonuclear fusion in tritium-deuterium pellets.

Further, nonlinear effects influence drastically the transport

properties of a plasma, e.g. the conductivity and diffusion

of gaseous plasmas.

They also cause considerable anomalous reflexion of laser

radiation by the plasma in the pellet problem.

The programme will be devoted to problems related to basic

plasma physics within the field of fusion research, as well

as to applications of interest in connection with the magnetic

confinement devices of the Community programme. The planned

activities are interrelated and can be summarized as follows:
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(i) Basic fusion plasma theory, in particular nonlinear

effect in plasmas, electrodynamics of nonequilibrium

plasmas, also including computational plasma physics.

(ii) Nonlinear instabilities, dissipation, dispersion and

diffusion, with application to future toroidal fusion

devices.

(iii) Investigations on resonance conditions and coupling

strengths for nonlinear interactions in magnetized

plasmas.

(iv) Nonlinear wave interactions in magnetized plasmas

with random inhomogeneities. Turbulence and diffusion

in toroidal devices.

(v) Influence of turbulence on parametric interactions

in magnetized plasmas, with application to toroidal

fusion devices.

(vi) Laser-plasma interaction, with strong nonlinear

interaction in plasmas and modified decay processes.

(vii) Electron-beam dynamics

(viii) Computational fusion plasma physics, with plasma

heating applications, also including RF-heating in

toroidal devices.

(ix) Transients in magnetic circuits, with applications

to Tokamak devices.

A main achievement by our institute during the year was to

arrange the Nobel Symposium on Nonlinear Effects in Plasmas

which was held at Aspenäsgården, Lerum in the Göteborg area

during June 11-17, 1976. It was considered to be a successful

symposium and gathered 25 invited participants from the US (10),

USSR (3), Japan (2) and 10 scientiest from European countries.

The symposium coveted contributions on basic plasma theory as

well as experiments and applications to fusion and astrophysics.
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The symposium will be published as a book in the Nobel

Foundation Symposium Series, No. 36, with the title: "Plasma

Physics: Nonlinear Theory and Experiments", (Editor

Hans Wilhelmsson) pp. 525, Plenum Press, New York - London

(1977).

During the year considerable work was devoted to writing

another book: "Coherent Nonlinear Interaction of Waves in

Plasmas", by Jan Weiland and Hans Wilhelmsson, pp. 350,

Pergamon Press, Oxford (1977). This book which covers basic

nonlinear plasma theory with extensive reference also to

experimental work aims at providing a useful introduction

to the field with extension to the frontiers of present day

nonlinear plasma physics. Emphasis is put on coherent

interaction of waves.

A number of theoretical investigations have been carried out

by members of our institute during 1976. Let us here briefly

review the results and the present state of our activity.

Laser-Plasma Interaction

Our previous work on this subject has been pursued and

complemented with further studies of various new aspects.

Among these is a qualitative study of the nonlinear spectral

broadening of backscattered laser radiation from plasmas

yielding very good agreement with experimental observations

(D. Anderson and H. Wilhelmsson).

An approximate analysis has also been made of the nonlinear

backscatter equations including damping effects. Finally we

also mention an analytical treatment of the saturation effect

of particle trapping on the stimulated Raman backscattering

instability. (D. Anderson, M. Bonnedal, L. Falk)

Paramejtric_Interactions_ in_Random Media

The effect of random inhomogeneities on parametric wave

interactions is of considerable interest for laser-fusion

as well as for various plasma heating schemes using wave



1 .5

processes. Several investigations have been made of this

problem and the related situation involving a pump oscillator

with stochastic parameter variations. The analysis has now

also been extended to the case of coherent modulation of the

pump characteristics. (D. Anderson, A. Bondeson)

NonUnear ofStable and Un^taibleWaves

Nonlinear Landau damping is an important saturating mechanism

for various plasma wave instabilities and is consequently also

of significance for plasma heating by anomalous wave absorption

processes. In several investigations various aspects of this

saturation process have been analyzed: the relation to the

formalism of resonant three-wave interactions has been

studied, an approach which has been complemented with an

investigation of the effect of beat-wave dynamics on the

nonlinear mode coupling between stable and unstable plasma

waves. The possibility of exciting the nonlinearly saturated

system by means of external growth-rate modulation has also

been examined. (D. Anderson, A. Bondeson, L. Falk)

So_lu;tion_of_ the Equations; frsr Nonlinear interaction of_Three_

Dampe_d_Waves_

Three-wave interaction is analyzed in a coherent-wave

description with assumption of different linear damping (or

growth) of the individual waves. It is demonstrated that when

two of the coefficients of dissipation are equal, the set of

equations can be reduced to a single equivalent equation,

which in the nonlinearly unstable case where one wave is

undamped, asymptotically takes the form of an equation defining

the third Painlevé transcendent. It is then possible to find

an asymptotic expansion near the time of explosion. This

solution is of principle interest since it indicates that the

solution of the general three-wave system, where the waves

experience mutually different dissipations, belongs to a

higher class of functions, which reduces to Jacobian elliptic

functions only in the case where all waves experience the

same damping. (R. Nakach, H. Wilhelmsson)
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£>omeRemarkson

The aim of the investigation is to discuss various possibilities

of analysing the basic set of coupled equations and to point

out inherent difficulties associated with the description of

the nonlinear interaction between different types of waves

(generally in space and time), and for general coupling

situations, including deviations from perfect matching of

frequencies and wave-numbers. We apply our considerations to

specific examples in the field of stimulated excitation of

waves, namely to parametric excitation of hybrid resonances

in hot magnetized multi-ion component plasmas and to laser-

plasma interaction.(H. Wilhelmsson)

£>ome_As_pects_of_ Nonlinea£ Interaction £f_Wav£S_in Plasmas_

A discussion of unified description of some nonlinear effects

is given. Formal relations between different nonlinear coupling

effects are emphasized and connections between the analysis of

particular problems and general nonlinear theory are investigated

{H. Wilhelmsson, R. Nakach).

Space a/id Time_Evo31ution_o^ Two Nonl^n^arl^ Coupled Variabl^esj

S_pe_c_ial_ SjDlirtions

The system of two coupled linear differential equations are

studied assuming that the coupling terms are proportional to

the product of the dependent variables, representing e.g.

intensities of populations. It is furthermore assumed that

these variables experience different linear dissipation or

growth. The derivations account for space as well as time

dependence of the variables. It is found that certain

particular solutions can be obtained to this system, whereas

a full solution in space and time as an initial value problem

is outside the scope of the present paper. The system has a

nonlinear equilibrium solution for which the nonlinear

coupling terms balance the terms of linear dissipation. The

case of space and time evolution of a small perturbation of

the nonlinear equilibrium state, given the initial one-

dimensional spatial distribution of the perturbation, is also
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considered in some detail. (H. Obayashi, H. Totsuji,

H. Wilhelmsson)

Theory EvolutjLon £f_Exp_lo£ive^Ty_pe_ ins_tabjLlity_

We present a solution describing space-time evolution of a

resonantly interacting system of a damped negative energy

wave and two undamped wave packets of positive energies. It

is shown that all three waves grow simultaneously when they

are approaching each other, while a certain threshold condition

is required for instability when they are separating.

(H. Wilhelmsson, M. Watanabe, K. Nishikawa)

Re £5onan t_Thr ee_Wa ve In t er a£t ions _In vo 1 ving_Growing_and_

Damped__Waves_

So far it has not been possible to find analytical solutions

of the equations governing the resonant interaction between

three waves with unequal darapings, although approximate

solutions can be found in certain limiting cases. In order

to obtain some more information on the general solution of

this problem a study has been made to find steady-state

solutions of the interaction between one linearly unstable

and two damped waves. The stability of the solutions is also

investigated by means of an explicit stability criterion.

(D. Anderson, A. Bondeson)

On_Norma^ Modes; and Dis_pers_ive_Pr_op_erties qf_P.las_ma £5ystems

The normal mode concept for plasma waves is discussed and

generalized. Some questions of higher order dispersive

effects and wave energy are discussed. (J. Weiland)

Numeri£al_ Study_ of_Modulationai

Ini.ti.ai

for Randomi.zed

A computer program has been developed for the solution of

the Zakharov equations for Fourier-components in space. The

time development of the instability has been studied for the

case where the initial state is quasistatic and the phases
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of 31 Fourier-components in space have been picked in a

random manner. Stationary solitons are obtained. Also

solutions giving colliding solitons have been obtained.

The purpose of the investigation is to investigate the

development of plasma turbulence after the plasmon-condensation

has taken place. (J. Weiland)

Wave_Ene£gy_ i_n_a_Beam-Pl£sma_Sy_st;em

The sign of the energy of the fastest growing mode in a

beam-plasma system has been determined. The consequences for

the stability of three-wave interaction are discussed.

(J. Kirk, J. Weiland)

The_ Lower Hybrid_Resonancej_ Its_ Dep_enden£e_on ^ni£uri_ties_and_

Ion-Larmor Radii in Hot Tokamak Plasmas

The form of the relation describing the lower-hybrid resonance

is examined including its dependence on impurities as well as

ion-Larmor radii. For typical TOKAMAK parameters we calculate

a shift of the resonance frequency amounting to a decrease by

7% in the case of oxygen (fractional content 4°) and 5% for

carbon (fractional content 4%) and by 2% for molybdenum

(fractional content 0.2%) as compared to the hot case without

impurities. (H. Wilhelmsson)

Resonant_Modes_in Toroi.dal_Devices_

With the increasing interest in plasma heating experiments in

toroidal devices, it is of great importance to know the

resonance properties of the plasma. In the different kinds of

RF-heating methods, the wavelength of the applied source is

comparable to the size of the containment vessle, which

together with the plasma will introduce resonances at certain

frequencies of the applied puir.p field.

Absorption of energy will be efficient only close to these

resonances, and the structure of the spectrum could further

give information about the plasma.
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We have therefore found it interesting to investigate the

resonances of a cylindrical plasma in a metal cylinder. If

the ratio of the minor to the major radius is small, a torous

can be approximated as a cylinder with periodic boundary

conditions in the axial direction.

We study analytically a warm cylindrical plasma in a

magnetic field, in hydrodynamic description, with drift

velocities included. (M. Bonnedal)

i:nTokamakConstru£ti.ons

An investigation of the magnetic fields generated by eddy

currents in the baseplate of a Tokamak machine has started

after contacts with the Institut für Plasmaphysik, KFA Jülich,

(H. Desaix)

Development and Coordination_of_ Computer_Facî li:t_ies_

Planning extensions to the institute's computer equipment,

Data General Nova and Eclipse. After this equipment was

delivered, work necessitated by new and updated system

software. Development of software for driving a new plotter.

Modifications of existing software for plotting.

Development of software for plotting one or more curves

when an unordered set of points on the curves are known.

Continued development of software with the purpose that a

program be controlled in a flexible way via text strings

(code words and data) read from disc files or from the

operators console. Modifying and correcting an IBM-subroutine

for obtaining the minimum to a function in several variables.

Continued development of a program for determining cases of

three-wave-resonance (and coupling coefficients) for a cold

magnetized electron plasma. (The program is supported by

the software mentioned earlier).

Work on problem considering possibilities of obtaininy

information by numerical means concerning three-wave-

resonance (and coupling coefficients) in a cold magnetized

electron plasma. (H.G. Gustavsson)
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Educational, program and Training_

At the Institute for Electromagnetic Field Theory undergraduate

courses on basic plasma physics and its various applications,

in particular controlled thermonuclear fusion for future

energy production, are being arranged. Furthermore graduate

students follow seminars and special courses given in the

institute on various topics.

.ScjLentit̂ f ic_Exchanges_and_Conta£t!5

Our exchanges and contacts with foreign scientists and

institutes are being kept continuously. One effort this year

was to arrange the Nobel Foundation Symposium. During the

year our contacts with research groups in France and Japan

has been strengthened in particular. Future exchanges with

scientists in these countries have been planned as well as

with scientists from the U.S.S.R. The association with

Euratom-Fusion also means new and increased possibilities

in this respect.

Göteborg in January 1977

Hans Wilhelmsson

J
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2. Institute for Electromagnetic Field Theory

Mail Adress: Chalmers University of Technology

Fack

S-402 20 Göteborg

Director of Institute:

Professor Hans Wilhelmsson

Professor:

Wilhelmsson, Hans, Doctor of Technology, on leave of

absence 1/1-15/12 1976

Secretary:

Mannheimer, Agneta, Mrs

Supervisor of Educational Program:

Dr Hans Desaix

Assistent to the Supervisor:

Palmberg, Eva, E.E., Licentiate of Technology

University Lecturers:

Desaix, Hans, Doctor of Technology

Hofvenschiöld, Per Gunnar, E.E.

Assistent Professors:

Anderson, Dan, Doctor of Technology

Weiland, Jan, Doctor of Technology, acting professor

1/1-1/6, 1/9-15/12 1976

Visiting Research Scientists:

Faulkner, James, PhD, 15/12-31/12 1976

Kirk, John, PhD, 8/11-31/12 1976

Assistents:

Bondeson, Anders, TFE (technical physics engineer)

Bonnedal, Magnus, EE (electrical engineer)

Falk, Lars, TFE

Gustavsson, Hans-George, TFE

Instrument technician:

Berndtsson, Ralf
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Technical Assistent

Brennan, Patricia, Miss

Computer Engineer

Westin, Jan, E.E., 20/4-20/9 1976
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3. Participation in Conferences, Visits to Research Institutes

Jan Weiland visited Departement de Physique du Plasma et de

la Fusion Controlée, EUR-CEA, Grenoble (France), and gave a

talk there, January 10-17, 1976.

Dan Anderson, Anders Bondeson, Magnus Bonnedal and Hans-George

Gustavsson participated (all with talks) in the Noidic Plasma

and Gasdischarge Symposium in Gausdal (Norway), February 12-14,

1976.

Hans Wilhelmsson, who continued his stay during the spring and

summer 1976 in Departement de Physique du Plasma et de la

Fusion Controlée, EUR-CEA, Grenoble (France), visited

Laboratoire de Physique Théorique et Mathématique, Universitě

de Paris, and gave a talk there, February 24, 1976.

Hans Wilhelmsson visited the CERN Laboratories in Geneva, and

gave five lectures on plasma physics, April 1-8, 1976.

Hans Wilhelmsson visited Laboratoire de Physique et de la

Matiěre Condensée, Universite de Nice, Nice, and gave a talk

there, April 22-23, 1976.

Members of our institute were responsible for and participated

in the Nobel Symposium on Nonlinear Effects in Plasmas, which

was held at Aspenäsgården, Lerum, June 11-17, 1976 (Anders

Bondeson and Hans Wilhelmsson presented papers).

Hans Wilhelmsson paid another visit to Laboratoire de Physique

et de la Matiěre Condensée, Universite de Nice, Nice, and

participated the jury for the dissertation by Gilbert Reinish

on stimulated Compton scattering, June 24-26, 1976.

Hans Wilhelmsson participated the conference on Fusion and

Plasma Heating in Grenoble, June 28-July 3, 1976.

Hans Wilhelmsson stayed in the Soviet Union as a guest of

the Soviet Academy during August 29-September 11, 1976, visiting

the Lebedev Institute in Moscow, the Ioffe Institute in

Leningrad and the Institute for Theoretical Physics in Kiev
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(gave two semnars in the Lebedev institute and one in Kiev) .

Hans Desaix visited Institut für Plasmaphysik, KFA, Julien,

for discussions on magnetic field problems in connection with

TEXTOR, September 2-3, 1976.

Anders Bondeson participated in "Third Symposium on Plasma

Heating in Toroidal Devices" in Varenna (Italy), September

6-17, 1976.

Jan Weiland participated in the V Tbilisi School on Plasma

Physics and Controlled Fusion, Tbilisi, (Soviet Union), and

gave a talk there, September 27-October 9, 1976.

Dan Anderson and Magnus Bonnedal participated in the "Sixth

International Conference on Plasma Physics and Controlled

Nuclear Fusion Research" in Berchtesgaden, West Germany,

October 6-13, 1976.

Hans Wilhelmsson stayed in Japan as a guest professor during

September 12-December 13, 1976, carrying out research in

Institute of Plasma Physics, Nagoya University, Nagoya, in

Hiroshima University and in Tokyo University. Contributed

to the Symposium on Plasma Physics and Statistical Physics

in Nagoya, October 21-23, 1976. Gave seminars in Tokyo,

Nagoya, Hiroshima, Tokai Atomic Center, Tsukuba Academic

City, and at the Conference on astrophysics in Hakone,

November 24-27, 1976. Visited Nippon Electric Company (NEC),

and Electrical Communication Laboratory (ECL) and Aeronautical

and Space Institute (ASI) in Tokyo. Had discussions on future

collaboration between Sweden and Japan in the Minestry of

Education, Tokyo, and in the Japan Society for the Promotion

of Science (JSPS).
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4. Participation in International Committee Meetings

Hans Wilhelmsson participated in the Euratom-Fusion Meeting

of the Directors Committee, Bruxelles, March 4, 1976.

Dan Anderson participated in the Euratom-Fusion Advisory

Group Meeting on Heating and Injection, Garching, October 14,

1976.

Hans Wilhelmsson participated in the Euratom-Fusion EUR-NE

Steering Committee Meeting, Stockholm, December 16, 1976.
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5. Commissions in Committees and Research Councils

Professor H. Wilhelmsson is a member of:

Royal Swedish Academy of Sciences (class for physics)

Swedish Atomic Energy Research Council

Plasma Physics Section of the International Union of

Pure and Applied Physics (IUPAP)

Groupe de Liaison, Euratom-Fusion

Steering Committee, EUR-NE
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6. Publications and reports 1976

Plasma Physics: Nonlinear Theory and Experiments, Nobel

Foundation Symposium No. 36 (Editor Hans Wilhelmsson), Plenum

Press, New York-London 1977.

J. Weiland and H. Wilhelmsson, Coherent Nonlinear Interaction

of Waves in Plasmas (360 pages in manuscript; book to be

published by Pergamon Press in 1977).

H. Wilhelmsson, Some Remarks on Coherent Nonlinear Coupling

of Waves in Plasmas, Nobel Foundation Symposium No. 35

(Editor Hans Wilhelmsson), p. 432, ri°num Press, New York-

London 1977.

H. Wilhelmsson, The Lower Hybrid Resonance: Its dependence on

impurities and ion-Larmor radii in hot TOKAMAK plasmas, Physica

Scripta, j_4, 60 (1976).

H. Wilhelmsson and R. Nakach, Some Aspects of Nonlinear

Interaction of Waves in Plasmas, (to be published in Plasma

Physics, U.S.S.R.).

R. Nakach and H. Wilhelmsson, Solution of the Equations for

Nonlinear Interaction of Three Damped Waves, Phys. Rev. A,

U, 451 (1976).

H. Wilhelmsson, M. Watanabe and Kyoji Nishikawa, Theory for

Space-Time Evolution of Explosive-type Instability

(Submitted for publication to Phys. Letters A).

H. Obayashi, H. Totsuji and H. Wilhelmsson, Space and Time

Evolution of Two Nonlinearly Coupled Variables: Special

Solutions (in manuscript).

D. Anderson and H. Wilhelmsson, Nonlinear Spectral Broadening

of Backscattered Ligth from Laser-Plasma Interactions, Physics

Letters 56A, 37 (1976).

D. Anderson, Nonresonant Wave Coupling and Wave-Particle

Interactions, Physica Scripta J_3, 117 (1976).
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D. Anderson and M. Bonnedal, Saturation of the Stimulated

Raman Scattering Instability by Means of Particle Trapping,

Phys. Letters ^7A, 437 (1976).

D. Anderson and A. Bondeson, Effect of Finite Beat Wave

Relaxation Time and Growth-Rate Modulation on the Nonlinear

Mode Coupling Between Stable and Unstable Plasma Waves,

Plasma Physics: Nonlinear Theory and Experiments, Nobel

Foundation Symposium No. 36 (Editor Hans Wilhelmsson),

p. 4 32, Plenum Press, New York-London 1977.

Do Anderson and L. Falk, Approximate Analysis of Three-Wave

Backscattering Equations Including Damping Effects, Plasma

Physics 18, 211 (1976).

D. Anderson, J. Askne and M. Lisak, The Temporal Velocity

of Whistler Wave Packets, Plasma Physics 1_8, 163 (1976).

A. Bondeson, Influence of Random Inhomogeneities on Parametric

Interactions, (submitted for publication to Physica Scripta).

D. Anderson and A. Bondeson, Parametric Wave Interactions in

Random Media (to be published in Physica Scripta).

D. Anderson and A. Bondeson, Stationary Solutions of Resonant

Nonlinear Three Wave Interactions Involving Growing and Damped

Waves (submitted to Physics of Fluids).

D. Anderson, A. Bondeson and L. Falk, Effect of Growth-Rate

Modulation on the Nonlinear Mode Coupling Between Stable and

Unstable Plasma Waves (submitted for publication to J. Plasma

Phys.).

D. Anderson and A. Bondeson, Resonant Wave Interactions in

Random Media (internal report).

D. Anderson, Fusionsenergi - Grundläggade Frågeställningar och

Fysikaliska Metoder (för den externa FUN-kursen i Energiteknik

och hushållning våren 1976)., (in Swedish).
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J. Weiland, On Normal Modes and Dispersive Properties of

Plasma Systems, reported at the V Tbilisi School on Plasma

Physics and Controlled Fusion, Tbilisi 29/9-9/10 1976, also

as EFT report 1976.

J. Kirk and J. Weiland, Wave Energy in Beam-Plasma Systems,

EFT report 1976.

J. Weiland, The Growth of Modulation Instability for

Randomized Initial Conditions, EFT report 1976.

J. Westin, Illustration av Tredimensionella Figurer samt

Plottning av Nivålinjer, examensarbete 1976, (in Swedish).


